Healthcare coordination has proven difficult to achieve 
Introduction
Healthcare coordination is critically important, but so far it has proven to be an elusive goal. The 2010 U.S. Affordable Care Act encouraged care coordination with financial incentives for new technology such as electronic health records, new organizational structures such as accountable care organizations, and new payment mechanisms such as value based or bundled payments. But even with the introduction of these tools and mechanisms, care coordination remains a problem today [1, 2] .
Care coordination is defined as:
the deliberate organization of patient care activities between two or more participants involved in a patient's care to facilitate the appropriate delivery of health care services. Organizing care involves the marshaling of personnel and other resources needed to carry out all required patient care activities and is often managed by the exchange of information among participants responsible for different aspects of care. [3] .
In most industries today, information technology has led to improved coordination by facilitating information sharing and exchange. In healthcare, new coordination technologies such as electronic health records, health information exchange, mobile health, and virtual medicine have been implemented, yet coordination remains difficult to achieve. A landmark 1999 Institute of Medicine (IOM) report established lack of care coordination as a costly problem in the U.S. [4] . Subsequent studies reported that the consequences might be more severe than the IOM's original assessment. A 2010 federal report projected that 15,000 Medicare patients every month suffered such serious harm in the hospital that it contributed to their deaths [4] . And this is not just a U.S. issue: medical errors, and lack of coordination were found to be pervasive in five highly industrialized countries, including Australia, Canada, New Zealand, the UK, and the U.S [5] .
There is general consensus among those who study healthcare delivery that current systems are highly fragmented and suffer from a lack of coordination and communication, and in many cases, a lack of knowledge on how clinical and patient processes should be defined, organized, and managed to achieve costeffective and timely access to appropriate care. [6] Why is this still the case today? Other industries have been able to improve coordination through the use of technology. Businesses have recognized the importance of reengineering business processes, creating new organizational structures and training people to support IT enabled coordination. Why has the healthcare industry lagged other industries? While this industry has been slow to adopt new coordination technologies, we suggest that it has also lagged other industries in its inability to align processes, people, and organizational structures to support IT enabled care coordination. We suggest that care coordination requires the highest level of interdependence, in which inputs and outputs from different units are fully shared through mutual adjustments. This type of coordination is challenged by several characteristics of the healthcare industry including its organizational structure that has not integrated across the full care cycle, payment structure and regulation, professional control, failure impact and privacy, and information granularity. We suggest that information technologies alone are insufficient; they must be aligned with new processes, organizational structures, and skills to improve care coordination.
We provide some examples from a qualitative research study of the challenges associated with implementing one collaborative technology. Specifically, we focus on the integration of electronic health records between hospitals and ambulatory practices.
Coordination theory and healthcare
Coordination theory suggests that there are three types of interdependence and three corresponding types of coordination as defined in Table 1 [7] . There are very real costs involved in coordination, as these three types of coordination place increasingly heavy burdens on communication and decisions. Lower levels of interdependence such as "pooled" mean that units can work independently, and have little need for interaction, consultation, or exchange [8] . However, higher levels of interdependence such as "reciprocal" require more information sharing. In the provision of healthcare services, care can be monitored via standardization for pooled interdependence. For example, through standard reporting mechanisms, quality measures can be captured and compared.
Care provision can be coordinated by plan for sequential interdependence. For example, providing laboratory results to a provider who can then decide on appropriate care is an example of sequential interdependence that is coordinated by plan. However, true care coordination requires mutual adjustment, involving a very high level of knowledge sharing so that multiple providers can work together to improve health outcomes. This is particularly important because of the risks and hazards embedded within both the healthcare structure and the care processes that affect patient safety [9] .
Information technology has helped reduce the cost of coordination [10, 11] . Businesses have adopted a variety of information tools that support different types of coordination. Some examples are shown in Table 1 . Internally reciprocal interdependence has been achieved with ERP systems using shared databases that support reengineered processes. However, achieving reciprocal interdependence externally with partners in supply chains has been more challenging.
If businesses continue to utilize proprietary systems that do not provide access to their supply chain partners, their level of interdependence is reduced. While information systems can support coordination by mutual adjustment, the organizations generally must also develop new processes and retrain people to support this type of coordination.
Collaborative systems are only successful if organizations align their goals and develop processes and skills to share information appropriately. They must agree to joint problem solving and decision making, which requires a high level of knowledge sharing and communication. For example, successful implementation of collaborative planning, forecasting, and replenishment systems required coordinated changes to the organizational structure and business processes of both partners as well as the development of new skills [12] . Bounded rationality between firms (even if cooperation incentives are aligned) and a consequent lack of shared understanding of mutual interdependencies are major detriments to executing cooperative work among different organizations [13] .
Since healthcare often requires coordination of multiple independent organizations, reciprocal coordination can also be more difficult to achieve, because it requires greater shared understanding and agreement. The structure of healthcare creates specific challenges that make reciprocal interdependence or coordination by mutual adjustment even more difficult.
Challenges to coordination in healthcare
Healthcare has a different social and technical context compared to traditional industries in which much IS research, including the role of coordination technology, has been conducted [14] . For a complete discussion of unique differences in healthcare, see [15] . We focus here on the challenges to coordination created by these differences.
Integrating information across care cycles
Medical care has traditionally been structured around medical specialties and discrete services, not the integrated care of medical conditions [16] . Competition traditionally takes place at the level of discrete interventions or services rather than addressing medical conditions over the full cycle of care. As a result, information has traditionally been siloed and not shared across providers involved in the total care delivery value chain.
The care cycle includes preventing, diagnosing, preparing, intervening, recovering/ rehabilitating, and monitoring [16] . Providers have not been integrated across the entire care cycle. Information sharing across providers/competitors is necessary to treat patients whereas information sharing between partners/competitors in supply chains in other industries does not impact consumer welfare (only the division of consumer and producer surplus).
Payment structure and regulation
The healthcare industry separates financing from healthcare provision. The U.S. government and private insurance firms are typically the payers of healthcare, and often regulate payment terms. Thus, healthcare has an additional layer of required coordination compared to most other industries, where the customer who receives the product or service pays directly. This leads to additional coordination complexities.
The reimbursement system is the primary mechanism for regulation in the U.S. There are numerous regulations at all levels of government and these regulations lack coordination. In fact, some regulations constrain coordination, for example, by creating payments mechanisms that do not support email consultations.
New forms of competition such as accountable care organizations (ACOs) are an attempt to change payment mechanisms. But information sharing remains a challenge. Lack of integrated systems and fragmentation of third party health IT applications for population health management hamper ACOs. But technology alone is insufficient; ACOs also require more care managers and patient centered medical homes [17] . New processes, organizational structures, and personnel can be challenging to create.
3.3
Personnel: professional control, information asymmetry, and scarcity
The healthcare industry has traditionally been organized around the "profession" as the source of control, rather than market or bureaucratic control [18] , although this is changing [19] . Traditionally, the health industry has relied on doctors and nurses who have very specialized knowledge gained through extensive training. Physicians, in particular, have been central to resource allocation and care processes in hospitals but have traditionally been independent of hospital management, although this is changing as more health networks are purchasing physician practices.
Integrating physicians more tightly into process improvement efforts is made difficult by the sociology of the medical professional and also by legal doctrines that have historically supported arms-length physician-hospital relationships. [20] Coordination is challenged by physician autonomy [21] and a skepticism and lack of trust in information provided by others with different training [22] . Consequently, even physicians who are employed within an integrated network face challenges in coordinating care across the continuum.
There is a large knowledge differential among stakeholders in the healthcare industry, particularly between patients and providers. Only 12 percent of U.S. adults have sufficient health literacy to understand and use health information effectively and more than a third of adults are in the basic or below basic groups [23] . Since patients are unable to analyze and interpret the same type of information as providers, open access to shared information is insufficient. New processes and personnel such as care managers are required to translate information for the patients, along with new technologies such as personal health records.
While coordination has introduced a need for a new skill, coordination care management, there is a projected shortage of traditional healthcare providers [24] [25] [26] . The significant training requirements for these employees, coupled with reliance on federally funded residency positions for training physicians, exacerbate the pressures for increasing supply. Since we cannot quickly add more physicians and highly educated nurses, this industry is beginning to develop a cadre of physician extenders including nurse practitioners and physician assistants, who are expected to increase their provision of primary care services from 23 to 28 percent between 2010 and 2020 [25] . While this will decrease the deficit in supply, at the same time it also further increases the need for additional coordination mechanisms.
Failure impact and privacy
IT failure in healthcare typically has a much higher impact than in other industries, leading to the possibility of loss of life or decreased quality of life. In most other industries, the primary risk is financial; with IT value measured as economic impact [27] . This higher failure risk can contribute to a greater lack of trust or reliance on data that are shared within a system. There is a significant cost of poor information and reliance on potentially incorrect information. Thus, even if collaborative systems provide shared data, providers may be skeptical about relying on data that others have provided.
Additionally, there is significant concern regarding information privacy, since health information is highly personal [28] and individuals are very emotional regarding use of their medical history [29] . Data sharing is challenged by these concerns, and remains a major barrier to national health information exchange. New processes may be required to address these issues.
Information granularity
Care information differs in its granularity within different parts of the care delivery value chain. In the hospital, data are often monitored minute by minute (for example, recording heart rate or oxygen levels over time). However, in ambulatory practices, data are tracked at the time of the visit, which can be monthly or yearly. Today, we lack standards for translating critical episodic flow data into transactional lifetime records. Additionally, there is a debate regarding text based context and discrete data. While the latter are most useful for analytics and quality reporting, many medical professionals feel that rich context is lost with discrete data. A major question is how to balance the needs for both context rich and discrete data.
Coordination facilitators
Most businesses have found that IT alone does not support collaboration; it must be aligned with processes, organizational structures, and coordinators. While the same is true for healthcare, the fundamental uniqueness of the healthcare industry makes this alignment more difficult. Figure 1 shows the required alignment of coordination IT with the other facilitators, with a summary of the major challenges within healthcare. 
Information Technology
Technology is one of the major facilitators of coordination. Most industries have coordinated activities with technology that supports all three levels of interdependence. In healthcare, however, coordination by standardization and mutual adjustment are insufficient for care coordination. They can support care monitoring and provision, but for care coordination, reciprocal interdependence is required due to the complex high failure risk environment. Care coordination requires mutual adjustment in which both outputs and inputs are completely shared. But this is challenging in healthcare due to its organizational structure requiring changes by multiple often independent units and highly trained professionals, its information asymmetry and dissimilar granularity, and high failure impact and privacy concerns.
People
Another mechanism to facilitate coordination is people. The complexity of healthcare, information asymmetry, and scarcity of professionals necessitates participation of multiple care providers. Effective healthcare teamwork requires numerous competencies [30] to reduce risk and hazards and ensure patient safety [9, 31] .
The current organizational structure of medical care means that there are multiple points of transition among units whose incentives may not be aligned. During points of transition, when information about or accountability/responsibility for some aspect of a patient's care is transferred between two or more health care entities, information and responsibility should be transferred together [3] .
But traditionally, these transition points have contributed to worse health outcomes [32] [33] [34] .
The uniqueness of the healthcare industry in terms of the nature of the providers, with high professional control, scarcity, and knowledge differentials also contributes to the difficulty of aligning technology with people. The professionals may balk at dependence upon a system and may be skeptical about the information within the system, especially if that professional did not create/enter the information, particularly given the high failure risk in healthcare. The technology must accommodate information asymmetry by incorporating translators of complex information, such as care managers, and the scarcity of traditional providers adds a need for a technology to further coordinate efforts with new physician extenders.
Processes
A third mechanism that facilitates coordination is the revision of work processes so that they are focused more on coordinated processes. This was the fundamental change that adoption of ERP systems drove, a reengineering of work from a functional perspective to a business process perspective. But change in healthcare processes has occurred much more slowly.
Due to the complex organizational structure, there has traditionally been minimal communication or coordination between multiple entities, resulting in unavailable medical information at the time of treatment, replication of test results, protocols not followed, prescription of contraindicated procedures or medications, with poor clinical outcomes and unnecessary costs [35] . One problem is that different care facilities focus on information with different levels of granularity, for example episodic versus lifetime care, challenging information transmission. The payment structure adds a complexity of documentation processes that are not directly tied to care delivery that must be coordinated as well. The autonomous professionals, the physicians, who have wielded much control in the past, have also slowed process change.
Organization
"When software is implemented in complex, established health systems the power of the existing organizational structures and processes will force the records system to conform itself to them." [36] The competitive organizational structure and the payment structure in healthcare have driven the development of systems such as EHRs, mobile health, and telemedicine that support structures that are complex and siloed. Sharing of information is confounded via privacy concerns. Thus, while the technology is aligned with the organizational structures, it is not aligned with care coordination. The ACO model is an attempt to change payment structures, but this will require new forms of technology.
Research site and methodology
We will provide some examples of the alignment challenges from a study of one coordination technology, integrated electronic health records that were implemented at the Lehigh Valley Health Network (LVHN) in all physician practices within that network, as well as the hospital system. We focus on the coordination of care between OB/GYN practices and the triage unit at the hospital, where pregnant women go if they think that they are in labor or have pregnancy related problems. Some patients are seen at triage and released; others are admitted to the Labor and Delivery unit.
Prior to the implementation of the new electronic health record system (EHR), some of the ambulatory practices used a paper system; others a different EHR system. Furthermore, pregnant women could show up at triage for treatment, and the records supplied by the offices to triage might be unavailable or out of date. Triage records were also unavailable in the office when the patient returned there for treatment following their hospital visit.
After the implementation of this coordination technology, data from the office EHR was transmitted directly to the triage unit and data from the triage EHR populated the electronic office record used in the ambulatory practice.
We conducted a qualitative study of the challenges associated with the introduction and integration of EHRs. We completed 76 one-hour interviews with both clinical and non-clinical staff over a three-year time period. For a detailed overview and details of this study, see [37] . We use this study to provide examples of the challenges of aligning information technology within the healthcare industry.
Examples of coordination and alignment challenges
In our study, we found that pooled or sequential interdependence were sufficient for documenting data and making records available in multiple locations, but they were insufficient for coordinated care. The requirement to capture specific information for quality reporting meant that standard fields and codes were necessary, which supported pooled interdependence. In order for the records to be available at another location, they had to be signed off, which required sequential coordination mechanisms. But for true coordinated care, the physicians had to use reciprocal coordination, inputting and retrieving data from within the system. To achieve care coordination, they needed a complete picture of a patient, which required not only the ability to input data to the electronic record, but easy retrieval of information from multiple providers in different locations. Coordinated care did not occur until data flowed from the ambulatory record to triage and then from the triage unit back into the office record. And care was not coordinated until the providers learned not only how to input data, but also how to retrieve data. One provider noted that previously when they wanted to send a message to the next provider, they would use a "flag mechanism." But with all the data now captured within the system, as the users became proficient in data retrieval, they could depend upon their notes being available to other providers, and they would not have to use a separate communication mechanism. But alignment issues between the system and existing processes, people, and organizational structures challenged reciprocal coordination. We provide some examples below.
Aligning information technology with processes
We found that a key challenge to coordination between IT and processes was the difference in information granularity between the ambulatory and hospital practices. When the two systems were initially integrated, we found that data were initially lost due to a mismatch in the information granularity. Data in the triage unit were recorded in minutes, while data in the office system were recorded in days. When data were transmitted from triage to the office, the detailed information was initially lost or overridden because there were no fields to record data at the same level of granularity. This problem challenged both sequential and reciprocal interdependence since the discrete data from triage could not be accessed in the office or could be incorrectly reported. In order to effectively use the shared information, the health network had to create a work-around so that after a patient was seen in triage, a color code was added to the ambulatory EHR to alert the office physicians to go to a newly created screen that reported information from triage with smaller granularity. This enabled the office providers to use the information from triage as they provided office care, an example of sequential interdependence using coordination by plan to provide follow up care at the next visit. And for care coordination, this information was now available to all providers so that they could coordinate using mutual adjustment for reciprocal interdependence. This information remained within the EHR and could be retrieved for all follow up care, whether in the office or subsequent triage visits, or even for other care providers besides the obstetrics providers.
In addition, we also found that the system was more readily used when it supported standard workflow processes. For example, we found that data that were transmitted from the office EHR directly into the triage unit were used infrequently because accessing these data was not within the care team's workflow processes within triage. Very few individuals even knew where to look to find this data. Instead, providers relied on accessing the original office records in triage instead of using the triage system for historical information. However, when data flowed back to the office, it flowed directly into the portions of the office record that were within the standard workflow practice, and therefore the information was more useful for care coordination. But implementing standard work processes was a challenge, as one physician noted, "It seems we have come to agreement on standardization, but the stumbling block is just finding ways to get it implemented." Implementation of new processes was exacerbated by the people challenges discussed below.
Aligning information technology with people
The coordination technologies today challenge the professional control of the physicians, who have traditionally been fairly independent in their practices. In addition, due to the high failure impact, there can be a lack of trust in the information, thus making the shared system less helpful in coordinating care.
Many of the physicians initially felt that the EHR system did not support the way that they worked. Documentation had traditionally been the responsibility of the individual physicians and they each had completed this process in their own way prior to this implementation. One doctor noted, "I may do things one way, but somebody else may do things a different way…If they have like 12 visits in a pregnancy, 12 people could touch that chart. And people are probably using the chart differently." The new EHR required them to document in a specific way so that others could find the information, enabling both sequential and reciprocal coordination. Many were concerned that documentation detracted from their processes, particularly in maintaining eye contact with their patients. Implementing process change was difficult, as some providers felt that "they're taking away the autonomy piece…People don't want to look at that standardization…They can't see the value of it." "We're taught to be skeptical and not believe things that are there and then when you sort of have different mindsets about what the goal of the medical record really is, that part's hard." To achieve reciprocal coordination, providers not only had to learn how to input data but also to retrieve data provided by others. Information retrieval was challenging when providers documented differently because the providers did not know where to look for the information. The providers initially found it difficult to find information, some commenting that their jobs had now been altered to require them to be data miners. Many felt that they had not been trained to do this adequately and that it was difficult to do this within the system, particularly when individuals could document the same information in different places.
There was also concern that the new EHR, with its discrete fields, did not facilitate the capture of the nuances of the "patient's story," and thus was not as useful. One provider commented, "So now there's a series of checked boxes, in an attempt to really standardize the way things are documented. But the series of check marks don't tell the same kind of story. They just don't." The perceived necessity of completing both discrete fields and free text added to their burden.
Many of the providers did not trust data that was submitted by others into the EHR, challenging reciprocal coordination. Even when test results were put directly within the record and viewed within the flow of the work process, providers commented that they still went back to the source documents (e.g. lab reports) to verify the information in their EHRs due to the high failure risk. Likewise, the residents in the triage unit were held to a high standard in terms of data verification, and were taught to look at the source reports to make sure that they did not miss anything. Several physicians noted that if someone else wrote in their report that they actually reviewed a source report and were commenting on that report, they would tend to trust that information more than if someone just commented without specifically stating that they saw the source.
While the system supports patient interaction, not all data and notes were provided to the patient, due to the knowledge differential. Even within the system, as more data were entered by very different specialties, information asymmetry, even among the physicians, created some challenges for making the system useful for reciprocal coordination. For example, the original problem lists that were transferred to the hospital from the office records contained every problem recorded by every physician in any specialty who previously saw that patient. This made the information unwieldy, resulting in information overload that detracted from the use of the system for information retrieval and coordination of care. As a result, new processes for OB physicians and system enhancements were created to narrow down the list to pregnancy relevant problems so that only this subset was transferred to triage.
Aligning information technology with organizations
The information technologies that have been implemented today reflect the fragmented system of healthcare due to lack of information sharing among multiple providers involved in the full care cycle and they are driven by the payment structure. Privacy concerns make it difficult to share information among competitive institutions involved in the complete care of an individual.
In our study, we focused primarily on a single health network. Thus, our primary focus was not on how organizational structure affects alignment. We did, however, find one example of a problem created by the lack of information sharing among competitive providers because sometimes patients were seen in triage from outside the health network. In these cases, historical information was unavailable since there was no sharing of records between health networks, making it difficult to coordinate care for out of network participants. This limited sequential coordination since historical information from out of the network was unavailable in triage.
It also limited reciprocal coordination because information on the care provided was not immediately available to the out of network providers, challenging coordinated care.
Additionally, most physicians feel that the design of most electronic health record systems is driven by the payment system. One provider commented, "It's not very physician friendly. It's very billing friendly." Attention to appropriate billing codes was raised as a concern because the physicians found that that activity distracting from actual patient care. They felt that they were spending too much time searching for correct billing codes. Previously, coders often added billing codes after the visit. But the electronic health record systems require the physician to enter the code prior to completion of the record for that visit. Providers felt that this search time could better be allocated to care, improving reciprocal care coordination.
Conclusions
Most businesses have successfully aligned their coordination technologies with new business practices, reengineered their business processes, and retrained individuals to work more collaboratively. Healthcare has lagged business. We suggest that this is due to several unique challenges in healthcare including its requirement for information sharing among providers across the entire care cycle, payment structure, tradition of control by independent professionals with high knowledge differential who are in short supply, information granularity differences, and high failure risk and privacy concerns.
These will continue to challenge the use of coordination technology unless the technologies can be introduced along with changes in the organizational structures, work processes, and people skills. This is particularly the case because reciprocal interdependence, the highest level of interdependence, is required for care coordination. Lower levels of interdependence, such as pooled and sequential, can assist in monitoring care quality and the provision of healthcare. But coordination of care requires a high level of knowledge sharing and coordination by mutual adjustment. These adjustments are challenged by the current organizational and professional structure of the healthcare industry, along with information asymmetry, information granularity differences, and high risk/privacy concerns.
Future research should focus on the combination of characteristics that can most effectively align with information technology, so that we create systems that can have the most value for care coordination. For example, we should understand the characteristics of new collaborative forms of healthcare delivery, such as accountable care organizations. We should also consider what processes will need to be reengineered, what types of personnel skills will be needed, and work with health care providers to create the information technologies that will support these types of collaborative efforts. We need to consider how some of the challenges such as privacy risk and payment mechanisms affect the types of technology that will be most effective. We need to develop mechanisms to create trust in shared data. As IS researchers, we should be working with health care providers to ensure that the systems that are developed can be used to achieve care coordination by understanding the needs and challenges for coordination in this industry. We cannot assume that the systems alone will drive coordination.
Coordination will only occur if organizational structures, processes, and skills change to work in conjunction with new technologies.
